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EVALIATION OF IMFBR FUEL-MOTION DIAGNOSTICS INSTRIMENTATION WITH PARKA*
A. E. Bvans, Jr., J. D, Orndoff, and W. L, Talbert, Jr.

University of California, Los Alamos Scientific Laboratory,

Sumary

To aid in the design of IMFER safety test exper-~
iments and safety test faciities (STF), a program of
evaluation of concepts for fuel-motion diagnostics
instrumentation has been undertaken, A part of this
evaluation is being done at PARKA, a Rover project
critical assembly which has been modified to study
the self nuclear image from driven FTR-type fuel
assemblies. Feasibility of obtaining fast-neutron
images of single-pin voids in assemblies of up to
127 fuel pins has been demonstrated, albeit margin-
- ally for the larger fuel bundles. The feasibility
of using in-core detectors as fuel-motion monitors
has also been studied. Use of PARKA in a pulsed
mode to study STF transient phenomena is discussed.

Introduction

For the evaluation of the safety of fast breeder
reactors, it is necessary to develop facilities
where bundles of IMFER fuel pins may be driven to
destructive, accident-simulating conditions and to
observe the motion of the test fuel during and sub-
sequent to the reactor transient. Concepts being
studied as candidates for fuel and clad-motion moni-
toring in these experiments include flash-x-ray cin-
ematography, {1) single~and multiple~pinhole self
radiography, (2) radiography with Fresnel and other
coded” apertures, (3) use of networks of in-core
radiation detectors,(4) and the use of multi-
aperture collimating hodoscopes. (5) The selection
of a fuel-motion monitoring system must be done in
advance of design of the test facility because the
monitoring system selected will strongly influence
facility requirements.

Criteria have been established(6) for the
performance of fuel and clad~motion measurenient sys-
tems. These criteria are based upon requirements
for sensitivity, accuracy, and time and spatial res-
olution necessary to derive useful information from
tests intended to simulate various types of core-
disruptive accidents in fast reactors, and include
specifications for field of view, spatial resolu-
tion, time duration and resolution, and density res-
olution. In qguaeral, the requirements vary with the
size of the ssembly undergoing test. For instance,
horizontal sp.tial resolution requirements vary from
2 mm for tests of a few pins to 50 mm for multiple
gubagsenblies which may contain over 1000 pins. The
fuel-motion measurement system will also be required
to have a capability for depth measurement compar-
able to its horizontal resolution, and be able to
detect the movement of as little as 0.04 g of fuel
in small-bundle tests or S0 g in multiple-
subassembly tests., Time-resolution requiraments
vary from (.2 msec to 100 msec depending upon the
particular type of test to be performed.

Since the test assemblies are immersed in liquid
sodium, the system is constrained to use the image
formed by neutrons or gamma rays emittea by the as-
sambly or x-rays tranemitted through the agsembly.
The quality of this image is strongly’ influenced by
scattering and by ahbsorption w'thin t:he test augem=-
bly of rediation emitted not inly by the test assem~
bly but also by the reactor which is used to drive
the test assembly to destruction. Tne time resolu-
tion, or the minimum time during which information
must be gathered to obtain an image with required
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spatial and density resolution, is limited ultimate-
ly by the statistics of radiation emicsion fram the
test assembly. However, for most practical cases,
time resolution is limited either by the data-
acquisition system in the case of radiation-counting
gystems or by mechanical or electronic considera-
tions in the case of photo~imaging systems. The
evaluation described herein is concerned only with
the spatial and density resolution of static images
obtainable for various test assemblies.

The Facility

The modified PARKA critical assembly has been
described previously. (7} To recapitulate, PARKA
is a Rover Project Kiwi reactor fueled with
graphite-enriched U0; elements. The active core,
of size 89-cm diameter by 132~cm height, is sur-
rounded by a Be reflector containing 12 boron-loaded
rotary control drums. Modification for the STF pro~
gram included removal of 37 of the 1.9-cm (across
flats) hexagonal fuel elements and replacement by a
steel-lined chamber capable of holding fram 1 to 127
fully enriched 02 fuel pins of FFIF dimensions.,
The removable 5.8-mm diameter test fuel pins are
held 7.49 mm between centers ir. a hexagonal array by
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Fig. 1. View of the PARKA racility, set up tor eval=
vation of fuel motion diagnostics instru-
mentation. The assembly at the top of the
core is an actuator for remote rotation
of test assemblies and withdrawal of in~
dividual fuel pins, The rotary reactor
control-drive actuators can be seen on the
underside of the reactor,
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Fig, 2. 1Installation of four-channel hodoscope
collimator.

alu.inum grid plates in such a way that either indi-
vidual pins or the entire test bundle can be removed
fraom the reactor. Precision vertical and rotary
actuators have been provided to permit remotely com-
trclled movement of items in the test chamber.

FARKA is shown in Fig. 1 after installation of the
test actuators and extra lead shielding. A 4.4-am
wide by 10-cm high slot has heen cut transversely
through the fuel and che Be to permit viewing the
test area with either a hodoscope or a coded-
aperture viewing system, A second slot 4.5-cm wide
by 5-am high, loczted in the reflector 30 cm below
the primary slot, is available for future

exper iments,
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Fig. 3. Layout of the fuel-motion diagnostics
instrumentation evaluation facility.
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Fig. 4. Details of geametry of the hodoscope system.

A 4-channel steel hodoscope collimator is used
to view the central region of the test chamber. The
collimator, shown in Fig. 2, is installed in a hole
through 2 meters of concrete separating the reactor
area from a shielded instrumentation roam in which
the hodoscope detectors are located. The facility
layout is shown in Fig. 3.

Details of the collimator and its relationship
to the test region are given in Fig. 4. The slots
through the collimator are 4.7-mm wide x 12.5-mm
high, The front face of the collimator is 0.91 m
avay fram the center of the reactor test region,
with the result that the viewing area of each slot
is 7-mm wide by 19-mm high (we define viewing area
as the region bounded by the lines at which radia-
tion fram the test area seen by the hodoscope detec-
tors falls to half of maximum intensity). The slots
converge horizontally to view adjacent 7-mm-wide
cells, but are parallel in the vertical direction.

The hodoscope is mounted to move horizontally
about a point 25 cm fram its front face, driven re-
motely by a precision machine slide and stepping
motor on the back end. This parmits scanning of the
test section to simulate fuel motion, in lieu of the
multichannel counting of a TREAT-type hodoscope.
Scanning experiments are very much simplified by an
autamatic power-level control on PARKA which holds
the reactor power level to within 0.1% over periods
of several hours.

PARK: =5 selected for these studies because it
is neutronically and geametrically similar to driver
reactors which have been proposed for safety test
facilities, and because it is a flexible system in
which changes may be made easily. An epithermal to
fast neutron spectrum is needed for such reactors in
order that the test specimen is fairly uniformly
irradiated. At the same time, it is necessary that
the fission density in the test specimen be much
higher than in the driver, so that in an actual test
the test specimen may be driven to destruction with-
cut harming the driver reactor. The high ratio of
fission density in the test region to fission dens-
ity in the driver, referred to as figure of merit
(FOM) also helps in improving the signal-to-
background ratjo in fuel-motiun diagnostics meas-
urements. The high FOM is obtained by fueling the
test obiact with fully enriched uranium, either as
pure metal or oxide, and mglntaining a relatively
low fuel density (400 kg/m’ near the center of
PARKA) in the driver,

Figure 5 shows the results of a ONETRAN(8)
calculation of the fission density in the reactor
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Pig. 5. Ratio of fission density in the test region
of PARKA to that in the driver region for 37
test pins and various fillers.

for a 37-pin test array in PARKA, using water, sodi-
un, and no filler between the pins, It is noted
that use of water as a filler in this case improves
the FOM by a factor of 2, a situation which can be
taken advantage of when an experirment is performed
where only gama-ray information is desired. For
fast-neutron self imaging of the fuel bundle, the
presence of water wouid orcbably be intolerable,
For aingle-pin experiments it has been shown possi-
ble to increase the FOM to as high as 80 by use of a
M{Qtrrjlene flux trap just ocutside of the test
region, It is also noted that there is very little
difference between sodium and void as fillers in the
test region. Most of our tests have been done using
aluminum grid blocks as a substitute for sodium,
Power distribution measurements nave been made
for 37-to 127-pin hexagonal fuel bundles in the test
region of PARKA. The results sre shown in Fig. 6.
These measurements were made by irradiating fresh
fuel pins in selected positions as the test assembly
was built up fram minimum to maximum size. The
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Pig. 6. Measured fission distributions of various-
aized FIR fuel pin bundles in PARKA.

selecte2 fuel vins were then removed, and the gross
gission-praduct gamma activity of each pin was cam-
parect to the activity of the central pin which was
used as a reference. The results show that, while
the variat.on in power density across a test assem=
bly is correctable in most cases, it will be a
factor in interpreting fuel-motion diagrostic data.
Graded fuel loading or graded fuel enrichment could
be used where a more uniform power density is
required in the test assembly.

Instrumentation

A number of detectors have been used with the
collimator to measure the pattern of radiation emit-
ted by the test section, For detection of fast neu~
trons, Hornyak Buttons(?) similar to those used on
the TREAT (3), 4He recoil proportional
counters(10) and stilbene scintillation detectors
have been used. Experience has shown that the ideal
neutron detector for this purpose is une which is as
insensitive to gama radiation as possible and can
be biased for neutrons with energies of fram 1 to 2
Me\', The detector should have a sensitive area
closely matching the slot size in order to minimize
backgrounds. The Hornyak buttons and “He recoil
detectors have been found to meet the criteria of
gaura insensitivity and energy discrimination. How~
ever, stilbene detectors are more etficient by a
factor of 5 than Hornyak buttons of the same size
and offer the additicnal advantage of pulse-shape
discrimination, (11) by which it is possible to
obtain simultaneously neutron and gaima-ray data.

A block diagram of electronics used with the
stilbene detectors is shown in Fig. 7. The crys-
tals, size 12,5-rm square by 6.2-mm thick, were
imbedded edgewise in Lucite light pipes so as to
couple geameitrically with the hodoscope slots., The
scintillator assemblies were viewed by Arperex tvme
XP1110 photarultinlier tubes, the signals fram which
were passed through ORTEC type 113 oreamplifiers,
300-m of type RG63/U cable fram the critical assem—
bly building to the control roam and then through
ORTEC type 460 delay-line-shaping amplifiers, The
outputs of the amplifiers were analyzed for rise-
time distribution using ORTEC model 458 pulse-shape
analyzers.

Sconner
Stepping Molor

Sripene
Uelectars

Reecior
Fisnen
Chamber
l Set-uwo & uom;ov !nv.om l
Amp ano | [Pca \}Eﬂ‘ [ [Bre e
Ortec Ortec | | Orrec ﬂ 1tc 4] E_v]
scomner| | 499 460 | | ans | Tom e
":""' y [|oma ven s
1on| Wi re e i
Content G’ 3 () I
~ o e+ e
omp
80 Sq) 2
UL
Tine [Moraot [Butter[Timee] T FC [Pnm
Ot | Oeto Porane ! “eomed |71 733 asn
Doy [Entry | Serar aed Date
. W OrtagiOntee
Conee Termingt
ICABP P28 |22 scgrery

Pig. 7. Electronic system used for hodoscope
scanning with stilbene detectors.

The pulse shape analyzer qives an output pul%e
with amplitude proportional to the 10-90% rigetime
of the incoming signal. Figura 8 is a camparison of
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risetime distributions cbtained with a 238pu-Be
neutron source and with a 0 gama-ray source.
For this test, the input discriminator of the
pulse-shape analyzer was set to accept pulses
greater {n amplitude than 1/2 the “ampton edge from

cs gama rays. The equivalent neutron
energy threshold is 1.1 MeV. The independence of
pulse~cisetime distrinutions on neutron and gamma-
ray energies and the iitant stability of the n-y
discrimination point - minimum between the ,
gama-ray and neutron - :ributions) was checked by
camparing the response - reactor radiation as seen
through the hodoscope with that observed for Pu-Be
neutrons.

Same earlier data were taken with Hornyak button
scintillators, providing us a direct comparison with
data obtained at TREAT. These detectors are the
séme size and mounted edgewise in lucite light pipes
in the same way as the stilbene detectors. Pulse-
height distributions for monoenergetic neutrons
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incident upon these detectors are shown in Fig. 9,
The detectors were tested at the LASL 3.75-MeV Van
de Gsaaft AcFletator Pacility using neutrons fram

Li(p,n) /Be reaction., For use on the hodo-
scope, amplified signals fram these detectors were
mted using a discriminator setting just higher

thgt point at which counts were registered fram
a 5oC %0Co source held adjacent to the detector.

Bodoscope Scanning Results

Pigure 10 shows the result of scanning across a
single fuel pin with two detectors in the same hori-
gontal plane, The detectors were Hornyak buttons.
‘;hgu;'eactot was operated at 550 W (4.6 niW/g

« Each point took 500 sec of counting tine.
The signal-to-background (S/B) ratio for the single
pin in this case is only 0.2:1 as compared to a
typical S/B ratio of 3:1 for the TREAT hodo-
scope. The low S/B ratio of our hodoscope resul.ts
from the epithermal neutron spectrum of PARKA,
Since TREAT is a thermal reoactor, its driver neu-
trons are on the average easier o separate fram the
fast neutrons emitted from the test region. The
harder driver spectrum will be needed to produce
wmiform excitation across larger fuel-pin arrays;
this demonstrates the need to verify the capability
o the hodoscope technique before incorporating this
technique into the design of ~afety test facilitizs
for large-bundle tests.

The scan shown ‘n Fig. 10 was made with the
viewing slot extending only halfway through PARKA.
The single~pin S/B ratio has since been imoroved by
extending the slot through the reactor so that the
collimator slots do not "see® any PARKA fuel. This:
is shown in Fig. 11. The S/B ratio has been improv-
od by a factor of 3 as a result of the slot exten—
gion. This indicates the possible need for through
slots fo. either hodoscope or coded-aperture imaging
in safety test facilities. However, the througn
slot may not be of value for full subassembly or
larger tests where the signal fram the test bundle
itself may daminate the driver background,

Algo to be noted in Fig. 11 are the high counts
on the right side of the curve. These are due to
scattering from a piece of aluminum channel placed
in the extended PARKA slot to support the fuel ele~
ments above the slot. This channel has since been
replaced with a lighter, symmetrical support.

The next step was to see whether one missing pin
in a 37-pin array could be detected. The results of
this test are shown in Fig. 12. For this fiqure,
each data point required 200 sec of counting time,
The nissing pin results in a 6% loss of count rate

. ryry 1T rryrererrrd
[ X Fuel P Projection =
[ ] -
- en Channat @ | o
g 84
L I 102 -
[ ) -
82 -
80 -
LX) f
44 -
! 44 " d 4 -
40 Hodetcope Siet Width -
L 1 o
S T T O O O W | i

- |
M2 H0-0-¢-4-2 0 2 4 ¢ 8 024
Pettion At Fusl Pia Plone (mm)

Results of a 2-channel scan of a single
fuel pin in PARKA, with the viewing siot
extending anly to the center of the wove.

~i i

Fig. 10.



T T T T T T T T T T T T T

L

Counte
g
LR

L

Neviven Detocter
5 38
LI

ol Through=8iot measuraments
= = Holf-sio! measurements (normolized)

4 30 2 10 0 -0 -20 -30 -40 -50
Hodascope Angle (arbilrary units)

Plg. 11. Comparison of single-pin scans before and
after extending the viewing slot all the
way through the PARKA core,

over a distance consistent with the pin diameter and
the geametrical resolution of the hodoscope. It
should be noted that the absolute count rate differ-
ence between the 37-pin scan and the 36-pin scan at
the center of the missing pin is about 40 percent of
the net count from a single pin (Fig. 11). PARKA
power levels were identical for the single and
37-pin experiments, This indicates the degree that
neutron scattering and absorption may be expected to
1n.!1uenoe imaging results.

v : The 37-pin experiment was repeated after dou-
hling the thickness of steel around the test array
0 12.7 mm and filling the space between the fuel
pins with drilled aluminum discs. The aluminum is a
geasonable neutronic substitute fcr sodium. The
result was little different from tiat obtained pre-
viously. There was an approximate 10% drop in total
oonting rate, but no apparent los:s in resoluticn,

In a joint experiment with Arronne National Lab-
oratory, a 91-pin EBR-II fuel bundle was scanned
which had within it six :nissing fuel pellets, three
of vhich were replaced by steel pins and three by
air gaps. By rotating the bundle, scans could be
made simultanecusly through three of the defects,
which were lined up on a major diameter of che hex
pattern, or across the center defect alone either
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Plg. 12, Hodoscope scans with Hornyak buttons across
flatas of a 37-pin bundle, intact and with
the central fuel pin withdrawn,

Counter Rotios

acroas flats or across corners of the hex. By using
two vertical channels of the hodoscope, scans could
be made through a perfect section of the assembly
simultaneocusly with a faulted section. Both stil-
bene detectors and Hornyak buttons were vsed.

There will be more about the 91-pin test in a
separate paper. (12) However, the results of one
scan are showi here in Fig. 13. In the 3 curves are
displayed the results of scanning neutrons of enerqy
above 1 MeV, gamma rays of energy above 0.3 MeV, and
the total (n+y) outputs of the detectors. The data
points are the counting ratios of one detector scan-

across a normal section of the fuel bundle and
the other detector scanning a section with a missing
pellet in tiie middle of the assembly. The neutron
acan shows a clear 3.5% difference in counter ratios
over the diameter of the missing pellet (counter
sensitivities were not normalized, so the base-line
ratio is not 1). It is also clearly seen that the
gama~counting ratio does not reveal the missing
pellet. As should be expected, suming the gamma-
ray and neutron data serves only to dilute the neu~
tron data, degrading the sensitivity of the
hodoscope

The absence of information in the 91-pin gamma
scan was of concern because it reflects upon the
ability to image defects in an assembly of this size
by any technique which detects gamma rays produced
in the assembly. We therefore went back and looked
at the 37-pin assembly with stilbene, NaI(Tl) and
NE102 detectors,
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ratios across a faulted 91-pin ERR-II
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fram a detector scanning across flats of a
notmal section of the asseomby versus counts
fram a detector scanning across a section
with a missiong pellet in the middle of the
bundle,
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rig. 14. Stilbene detector scans across flat:s of
37~ and 36-pin assemblies.

The data for 37- and 36~pin scans with stilbene
detectors are shown in Fig. 14, Using two detectors
and two pulse-shape analysis systems, we cbtained
simultaneously gamma scans with (a) Ey > 0,33 MeV
and (b) Ey > 0.66 MeV and neutron scans with (¢)

Eq > 1.3 Mev and (d) En > 2.2 MeV. (The neutron
energies (c) and (d) correspond to the Campton edges
for gamma-rays of energies (a) and (b) for equal

se heights in stilbene,) In these scans, there

a left-to-~right bias and an overall bias of the
37-pin scan with respect to the 36~pin scan because
of the buildup of fission and activation products
during the three hours in which these measurements
were made. The 37-pin scan was done first, then the
ceiiter pin was withdrawn and the scanner returned to
the left-hand position to start the 36-pin scan,
This 1s of course an effect of much less importance
to the performance of wultichannel hodoscoves, where
all data are taken simultaneously, provided that
power distribution and history are uniform across
the test region. Time-of-count information could be
used on these scans to correct for radiation
buildup, The fact that the neutron scans show same
buildup of counting rate during the run indicates
sane leakage Of gamma counts into the neutron
scalers, It appears that for a 37-pin assembly,
gama-ray information is samewhat interior to fast-
neutron information for fuel-motion de ectian., The
NaI(T1l) and NE102 scans were similar.

Using stilbene detectors biased as in the 37-pin
tests, a 127-pin test assembly has been scanned with
the hodoscope across flats and across corners of the
hexagon, intact and with pins removed at various
depths in the assembly. In Fig. 15 counting data
are shown for scans across tlats of the hundle
intact and with the center pin withdrawn, Counts
were for 200 s per data pcint at 5 nw/q~3 u
operating powes galtcrnately expressed as
oconts/Joule/g<3%-a fortuitous choicel).

Counts X 10°? Per 2008 Intervot
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Pig. 15. Hodoscope scans across flats of a 127-pin
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Fig. 16. Countinc-rate ratios fram the data of Fig.
1% to show the effoct of a missing pin in
the center of a 127-pin bundle.




To better chserve the effect of withdrawing the pin,
oounting-rate pin-in to pin-out ratios are plotted
‘in Pig. 16,

The fast neutron signal fram the fuel in the
center pin, averaged over the width of the pin, is »
8 of the total count rate, The vertical -esolutiun
(to 1/2 intensity) of the hodoscooe slot is 19.05
am. This means that the observed ~ount_reduction
was caused by the removal of 2.94 g of 235U from
the field of view, which is camparable to the estab~-
1lished requirements for mass resolution for single
subassembly tests. (6)

Pig. 17 shows the results of scanning with an
apex oi the assembly pointed towards the assembly.
In this orientation, the rows of fuel pins are

~ aligned in the direction of scanning, so that defi-

nite maxima and minima appear in the scan. Since
the distance between rows of fuel is 6.29 mm and the
field of view (to half-maximum intensity) of a hodo~
scope slot is 7.14 mm at the center of the test Sec-
tion, the hodoscope slot actua'ly "sees” more fuel
when the slot is pointed betwee two rows than when
the slot is centered an a row of pins. As a result,
a counting-rate minimum occurs when the hodoscope
slot is pointed at a row of pins.
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Fig, 17. Hodoscope scans across corners of a 127-pin
fuel bundle, Detector was stilbene biased
for neutrons >1.3 Mev,

The figure shows the effect on the scan of with-
drawing the central pin fram the bundle and of with-
drawing the corner pin nearest the hodoscope., Same
of the difference in the responsc between the two

. ﬁn locz:ions is due to the power distribution with-

the assembly, discussed above. It is evident,
however, that the response of the hodoscope to a
void is not independent of the position of the void
within the test assembly., In fig. 18 are plotted
the results of scanning the assembly with a single
missing pin at various depths within the bundle for
both across-corners and across-flats scans, The
data, taken with a stilbene detector biased for neu-
trons above 1.3 MeV, show that the total counting-
rate reduction for a single-pin void in a 127-pin
assenbly varies fram 3% for a void in the near edge
of the assembly to 13 at the far edge. These data,
which have been corrected for the measured power
distribution within the assembly, siow the need for
& detailed static hodoscope study of every large
bundle test before the destructive experiment is
run. The need for 3-dimensional test data, as fram
croased hodoscopes, is also evident.

Position dependence of void response has also
been measured for a 37-pan bundle, for gama radia=-
tion and neutrons, For fast neutrons, sensitivity
losses from the front to the rear of the bundle
ganged fram 20 to 308, depend:: ‘. upon neutron energ.
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Fig. 18. Hodoscope sensitivity to a single-pin void

as a function of the position of the void
in a 127-pin test bundie. Stilbene
detector, En > 1.} MeV,

threshald. For gamma scans, the losses ranged fram
35 to SO%.

In-Core Detector Tests

The PARKA system has been used for in-core de-

%ctor stgdies. Initial studies were made with

5U and 438y fission chambers. These chambers,
A, S-mm in diameter, were fit into the stainless
steel fuel-pin cladding tubes. Figure 19 is a cross
sectional view of these detectors. The 438y de-
tector is sensitive to neutrons above 1 MeV and will
thus respond primarily to peutrons from the test
section. In contrast, the 235U resconse weights
the lower energy neutrons and is more sensitive to
nel;t.rms leaking into the fuel pin array from the
driver.

Twe Oy

Pig. 19, Croas-sectional view of in-core fission
detector. A detector of this type has
also been used as an auxiliary power-level

monicor for all hodoscope tests,

For a 37-pin test assembly, measurements have
been made with the fission chambers located in the
central fuel-pin cladding. Detector response was
determined when fuel pins were removed fram each of
the three hexagonal rings of pins surrcurding the
detesgors. Results summarized in Table 1 show that

8y detector counts decrease as_the fuel pins
are removed whereas counts fram the 435U detector
increase. The 2350/238y counting ratio can be
seen to be more sensitive to fuel loss than either
detector scparately, For these experiments, entire
fuel pins were removed; however, it is expected that
aimilar results would be obtained if short lengths
vere removed in the vicinity of the 10-mm active
length £ission detectors,



TABLE I
In-Core Pission Detector Rf_sm for
Removal of Fuel Pins

Geametry Relative detector counts
A5y 238y 235y/238y

8ix pins from ring 1 1.098 0.892 1.23

Six pins from ring 2 1.093 0.928 1.18

8ix pins fram ring 3 1.058 0.970 1.09

Results indicate that in-core detectors are cap-
able of providing diagnostic information in multi-
pin STF tests, It has been proposed that one or
more fuel pins be replaced with_"hardened” channels
enclosing a line of alternate 235U and 238y fis-
gm chambers cooled by flowing argon gas. The

5y detectors would then serve as monitors of the
Bgal neutron flux driving the fuel pins, while the

U detectors are sensitive to the proximity of
fuel. For the high power levels in STF tests, ion
current signals as a function of time would be
preferable to counting rates.

20

Time Following Godiva Burst (ms)

Fig. 20. PARKA response to Godiva bursts at two
different PARKA reactivities.
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Transient Operation

Bodoscope and in-core detector tests done using
PARKA have been at low power and long counting
times. While such an operating mode may be satis-
factory for testing concepts involving nuclear
oounting instruments, it does not serve well for
imaging experiments inwolving such concepts as coded
apertures. Almost by accident, we have discovered a
way in which PARKA might be used as a high-level,
short-duration source. It was found that operation
of Godiva, a prampt-burst reactor housed in the same
experimental bay as PARKA, induced radiation levels
in PARKA for a single burst event which were compar-
able to those which had been induced by a previous
10-minute, 55-watt power-calibration run. This cor-
responded to an energy release of 30 kJ in PARKA.

By bringing Godiva up to within 2.3 m of PARKA and
with PARKA shut down and loaded to a reactivioty of
-$3.6, we later prgduced a yield of 1.4 x 10
fissions per gram in pulses about 1 ms wide.
The time profile of these pulses, measured with a
figsion chamber operating in the current mode, is
shown in Fig. 20. It has thus been shown possible
to produce peak power densities of 1500 W/g235U at
the center of a test-pin bundle in PARKA, The width
of these pulses can be increased by about a factor
of 10 by setting PAIKA control drums just subcriti-
cal. Peak Eower in the test region can be increased
to 1.5 x 10® W/g in small test bundles by use of a
polyethylene flux trap. It is felt that these peak
power levels are in a range that may be useful for
hodoscope transient testing and coded aperture
evaluation.

Conclusion

Table 2 is a sumary of results obtained so far
by scanning with the hodoscope various-sized fuel
bundles with a missing pin. The ability to detect
one missing pin in an array of 127 is established,
but there is an apparent trend towards obliteration
of the image as the bundle size increases. It
should be emphasized, moreover, that this static
test of resolution by no means establishes
feasibility of detecting the locs of this quantity
of material from a test assembly under dynamic con-
ditions, It is rather a measure of the ultimate
upper level for performance of hodoscopes on IMFBR
fuel bundles of this size. Furthermore, the estab-
lished limit should be applicable to any imaging
system which depends upon self radiation as its
source. It is not at all certain that it will he
possible to detect a missing pin in a full 217- or
271-pin subassembly using the hodoscope technique or
any other seif-imaging technique under destructive
test oconditions,

2
Relative 8ingle-Pin Image Intensity
a8 a hunction of Test-Assenbly Size

Mmber of Pins Sinyle-=Pin Praction of total Count Rate
in Assembly E>I3 Mev,"'z,, 22,2 MeV E20,33 MeV  E,> 0.66 MV

1 0.1 0.0 0.45 0.54
n X 0.070 0.046 0.0%9
@ 0.932 0.00

1n o.018 0,020 0.010 0.010

Tal91-pin BR-1I Subassembly (Ref. 12)
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